INTRODUCTION
After undergoing any kind of major surgery, there may be many side-effects, not least of which is depression that can make the patient's recovery that much more excruciating [1] . Although this aspect of surgery is not often given the attention it deserves, it is a very real possibility for those faced with a serious operation. Coupled with the fact that most surgeons are mostly concerned only with the patient's physical recovery, rather than their mental status, such a post-operative depression may linger longer than is necessary, further prolonging the recovery process. It is not exactly what factors cause the depression, although there are some thoughts are taken into consideration. As depression may strike any surgery patient, there are theories about exactly which aspects of the surgery may have a detrimental effect on patients, such as anesthesia from the surgery, antibiotics and other medications given to treat pain, disorientation after the surgery, digestive problems caused by medication given to the patient, Post-Surgical Traumatic Stress Syndrome, soreness and pain, and being bedridden in the recovery process [2] .
The need for surgery may vary according to the seriousness of the diagnosis. A more serious diagnosis brings with it a more severe emotional reaction [3] . For example, is common for people facing ophthalmic surgery, to feel extremely anxious and depressed about the outcome [4] . The same is true for an individual facing surgery for the removal of a cancerous tumour [1, 5, 6] . The site of the tumour is not without significance. If this is the face, or surroundings of the eye, emotional reaction can be stronger, because it is a place of greater cortical representation [1] . Therefore, it is understandable that depression can occur in a patient after neuro-ophthalmic surgery for meningioma. Even if it is not be a malignant tumour, the location and consequences of proliferation are devastating, and affect the human consciousness and emotional reactions. Both the onset of severe pain and post-operative depression can expected. Because the cause of this depression is not fully understood it would be difficult to carry out effective diagnosis [6, 7] and treatment of people who have fallen ill. New neurotechnologies may be promising and useful in the diagnosis and treatment of these symptoms [8] .
Objective. The aim of the presented study was to evaluate the effectiveness of neurotherapy for a 45-year-old female diagnosed with post-operative depression after neuroophthalmic surgery of the meningioma. It was hypothesized that there would be good response to relative beta training applied to regulate the dynamics of brain function.
CASE STUDY
The patient, a 45-year-old female, noticed in January 2014, oedema of the eyelids of the left eye. In July 2014, there occurred partial disturbance to sight, in particular when the patient was looking downwards, and a temporary paralysis of the left side of the face.
CT and MRI showed a tumour covering the bone structures of the left eye socket (the lateral wall) and infiltration into the base of the middle cranial fossa. A neurological test conducted upon admission did not confirm any focal symptoms of brain damage. In ophthalmological testing, the left eye globe showed limited exophthalmos. Anterior and posterior segments were within normal limits. The left eye ball was set with axial exophthalmos (right eye 14 mm; left eye 18 mm; base 100 m) without any limitations in mobility, with good distance and reading vision. Visual field for both eyes was normal. Intraocular pressure in the right eye was 12 mmHg, in the left eye -13 mmHg. The patient was operated on in an interdisciplinary unit by a neurosurgeon and a maxillofacial surgeon. Through 'lazy S' access by means of lateral orbitotomy a part of the tumour removed was removed from the eye socket, and material was taken for histopathological testing. The patient reacted well to the procedure. After the procedure, the patient was awakened and was in verbal contact; however, there was confirmed an impairment to the mobility of the left eye ball within the scope of abduction and adduction with double vision. This was mobilised and independent. After a control TK of the head had been carried out the patient was discharged home.
In the resulting TK testing (the state following the removal of the left eye socket tum removed was our), partially ascertained was sclerotically removed reconstructed bone tissue derived from the great wing of the sphenoid bone bulging in the area of the temporal muscles. In addition similarly: a still visible osteosclerosis reconstruction in the area of the great wing of the sphenoid bone on the left side bulging into the eye socket to around 7 mm modelling and relocating medially the ordinary lateral muscle, narrowing the superior orbital fissure, as well as narrowing the orbital apex. The changes bulge to the middle cranial fossa on the level of the pole of the temple lobe, with segmentally visible calcification in the topography of the meninges. Within the brain the shading of the brain tissue was normal. The cell system was of normal width, without translocation. The subarachnoid expanse did not widen.
Histopathological testing confirmed Meningeoma meningotheliale WHO1 penetrating through the bone.
Several days after the procedure there occurred pain engulfing the eye, as well as headaches, which intensified particularly in the evening. In the ophthalmolgical tests conducted after the operation, no visible pathology in the anterior and posterior segment was noted. The left eye globe was positioned in a slight exophthalmos (right eye 14 mm; left 16mm). Maps of nerve fibres and GCC complexes did not showed any pathology (Fig. 1) . The visual field was normal for both eyes -carried out using 2010 Carl Zeiss Meditec Humphrey Visual Field Analyzer. Optical coherence tomography (Optovue RTVue OCT) did not show any significant changes in morphology of the macula and nerve fiber layer ( Fig. 2 and 3 ). One week after surgery the patient started to feel that the worst has passed: she was able to shower and dress herself, and began the process of returning to some form of normal life. One month later, however, the patient complained of increasing occurrences of difficulties with sleeping resulting from anxiety and a constant intense spike in pain despite taking painkillers. When informed by the neurosurgeon that at least one more major surgery would be necessary in the next year, she began to become obsessed about it. She also complained that her memory was getting worse. After six months, the patient complained of severe pain and anxiety, difficulties with sleeping, attention and memory problems, as well as an inability to continue work in her given profession. Her life, as she put it, 'began to look like one painful and sad way into the grave.' In her opinion, she experience post-surgical depression because it forced her. to confront her own mortality.' What made it especially difficult and dangerous was that she never felt depressed or sad before the surgery.
Neuropsychological testing. In the neuropsychological testing utilising the Polish version of the WMS-III Memory Test [2] , neither in the first test (pre-operation) nor in the second test (post-operation) were disturbances found in the dynamics of memory, logical memory and spatial-visual memory, both in instant reproduction and in delayed. No disturbances in attention were noted.
In the Beck Depression Scale administered several times during the whole treatment procedure (cf. Fig. 4 ), the patient was not depressed before surgery (10 pts). One month after surgery, she showed mild depression (20 pts), and 6 months after surgery severe depression (32 pts).
The patient took part in 20 sessions of individuallytailored anodal tDCs/ neurofeedback therapy twice a week. The neuromarkers in Quantitative EEG (QEEG) and Event related potentials (ERPs) were used in the construction of protocol and evaluation.
After the neurotherapy, the patient obtained a score of 6 points on the Beck Depression Scale, while after 6 months of follow-up a score of 7 points. These results mean that the symptoms of post-surgical depression had passed. She no longer complained of chronic pain, started to sleep better and perform everyday duties and tasks. She returned to her work as a professional teacher, with which she coped splendidly. She claimed that she was able to take pleasure again in her life. Four categories of trials were used: A-A, A-P, P-P, and P-H (Fig. 1 ). In the trails with A-A and P-P pairs the first and the second stimuli were identical (physically the same). The trials were grouped into 4 sessions with 100 trials in each. In each session, a unique set of 5 A stimuli, 5 P and 5 H stimuli was selected. Each session consisted of a pseudo-random presentation of 100 pairs of stimuli with equal probability for each category and each trial category [8] .
The task was to press a button with the right hand to all A-A pairs as fast as possible, and to refrain from pressing in response to other pairs. The patients performed 10 trials without recording to see if they understood the instruction. After completing 100 trials they rested for a few minutes. Stimuli occupied about 3.8° of the visual field around the middle of the screen. Visual stimuli (were selected to have) had similar 2D sizes and luminosities.
Artefact correction procedures. Eye blink artefacts were corrected by zeroing the activation curves of individual independent components corresponding to eye blinks. These components were obtained by application of Independent . Epochs with excessive amplitude of filtered EEG and/or excessive faster and/or slower frequency activity were automatically marked and excluded from further analysis. The exclusion thresholds were set as follows: (1) 100 μV for non-filtered EEG; (2) 50 μV for slow waves in 0-1 Hz band; and (3) 35 μV for fast waves filtered in the band 20-35 Hz. In addition, the recordings were visually inspected and the remaining artefacts excluded.
EEG spectra. EEG spectra were computed for Eyes Open, Eyes Closed and the GO/NOGO task conditions separately. The artefact free fragments of EEG were divided into 4 sec epochs with a 50% overlap. The Hanning time window was used. EEG spectra were computed for each epoch and averaged. Mean value and standard deviations for each 0.25 Hz bin were computed. For comparison of the EEG spectra, pre and before intervention, the t-test was used.
Working hypotheses. Because of the patient's complaints, 2 working hypotheses were tested to find neuromarkers of depression and anxiety. 1. Hypothesis of depression. According to this hypothesis, some patients with depression show excessive frontal alpha on the left side and consequently reveal a frontal alpha asymmetry. In such cases, a specific alpha asymmetry neurofeedback protocol was suggested for the treatment symptoms of depression [9] . For testing this hypothesis, EEG spectra of the patient were computed for all conditions and compared with the reference database.
Hypothesis of anxiety. In ERPs of patients with general
anxiety, an increase of P1 wave in response to visual stimuli in general, and to emotionally meaningful stimuli in particular, was observed [10, 11] . The enhancement of the visual P1 wave was interpreted as the effect of activated amygdala on early stages of visual processing.
RESULTS
Pre-treatment assessment -Behavioural parameters. Table 1 shows omission and commission errors, reaction time and reaction time variance for the first recording before the treatment. No deviations from the reference are observed during the pre-treatment session. EEG spectra. A clear frontal alpha asymmetry (>70%) was found for alpha at F7-F8 electrodes. A peak in alpha frequency band (around 9.5 Hz) was observed at F7, but not at F8 (Fig.  5a ). In addition, in the EEG spectra in all 3 conditions (EO, EC, GO/NOGO task) an excess of the parietal alpha rhythm (around 11.5 Hz) was found at Pz (Fig. 5a ). . EEG spectra in the task condition for 1st and 2nd recordings and their differences after neurofeedback sessions; (a) EEG spectra for F7, F8 and Pz for the first recording (red), for the 2 nd recording (green) and the difference wave (2 rec -1 rec). Note significant (p<0.01) decrease in alpha frequency band; (b) difference spectra at alpha frequency band Event-related potentials (ERPs). Fig. 6 shows ERP for the first recording (Pre) in response to the first presentation of animal in the trials. Note excessive amplitude of P1 wave in comparison to the reference. A similar pattern is seen in a sub-group of patients with depression [9] . Anodal tDCS of the left frontal cortex was suggested as effective treatment of this condition [12] . Following this experience, anodal tDCS at F7 was suggested for this particular patient.
Protocol of neurofeedback.
As far as neurofeedback is concerned, a frontal alpha asymmetry protocol has been suggested for a subgroup of patients with asymmetrical alpha rhythms at frontal electrodes [13] . Following this experience, a neurofeedback protocol of suppression alpha rhythmicity at F7-F8 montage was suggested for this patient. The EEG spectra and a fragment of EEG in this montage during eyes open condition are shown in Fig. 7 .
Alpha suppression at F7-F8 montage.
Post-treatment assessment. Remarkable changes were observed at post-pre-difference waves both in EEG spectra and ERPs.
EEG spectra. Fig. 5 shows statistically significant changes in EEG spectra induced by the combined tDCS/neurofeedback protocol. In line with expectation, a suppression of the alpha rhythm at F7 was observed. Unexpectedly, however, suppression of the parietal alpha rhythm was also found which might indicate a general activation of the cortex induced by the tDCS/neurofeedback protocol.
ERPs. Figure 6 shows statistically significant changes in ERPs induced by the combined tDCS/neurofeedback protocol. As expected, activation of the left pre-frontal cortex led to deactivation of the amygdale which, in turn, is accompanied by suppression of the visual P1 wave.
DISCUSSION
There is abundant evidence showing lateralization of negative and positive emotions in the lateral prefrontal cortex. The idea of lateralization of the affective system first originated from the clinical observation that lesions in the left pre-frontal cortex are more often associated with induced depression, compared with lesions in the right side. In a study of Morris et al., [14] patients with lesions involving left hemisphere prefrontal or basal ganglia structures had a higher frequency of depressive disorder (75%) than other left hemisphere lesions (8%), or those with right hemisphere lesions.
In mental health, it has been suggested that frontal alpha asymmetry derived from quantitative electroencephalography (QEEG) may serve as a biomarker for depression. The idea is inspired by Richard Davidson's [15] theory regarding asymmetrical involvement of the orbito-frontal cortex in emotional reactions. Basically, according to this theory, the left hemisphere is biased to processing positive emotional stimuli, while the right hemisphere processes mostly negative emotional stimuli. Further research has suggested that the frontal alpha asymmetry in a resting state reflects a traitlike asymmetry of anterior cortical activity, which predicts individual differences in affective/motivational behaviours.
In the presented study, a clear frontal alpha asymmetry was observed in the patient in the first recording. This observation, in combination with existing literature of alpha asymmetry in depression, enabled the construction of an individually-tailored tDCS/neurofeedback protocol. The protocol was designed to activate the left prefrontal cortex and to reduce the frontal alpha asymmetry.
The results of the after-treatment recording were in line with expectations -the alpha at F7 was suppressed and asymmetry had disappeared. The patient recovered, and the symptoms of post-surgical depression passed. The patient claimed that she took pleasure in life again and returned to her job as a professional teacher, with which she coped splendidly.
Finally, the ERP data at the first recording showed the enhancement of P1 wave in the visual ERPs. The enhancement of P1 wave could be interpreted as a feedback effect of excessively-activated amygdala on first states of visual processing [16] . As shown in numerous studies, the amygdala, a nucleus that lies deep inside the anterio-inferior region of the medial temporal lobe, is a structure detecting threat or potential punishment, and thus generating negative emotions, such as fear and anxiety. The theory also presumes an inhibitory effect of the left prefrontal cortex on amygdala. Therefore, theoretically, it is to be expected that in the presented study activation of the left pre-frontal areas by the tDCS/neurofeedback protocol should suppress the amygdale, and respectively lead to decrease of P1 wave. Which is exactly what was observed in the ERP difference waves induced by the treatment of the presented patient! These results mean that the symptoms of post-surgical depression might be treated with the use of the proposed methodology [17] . As proved in another study by the authors [18, 19, 20] , as in this case, the patient was able to returned to work with an improved quality of life.
CONCLUSIONS
The patient recovered from post-operative depression and returned to work after 20 sessions of the combined neurofeedback/tDCS protocol. Specific patterns of QEEG and ERPs serve as neuromarkers for constructing the protocol and for monitoring the results of intervention.
